INTRODUCTION
============

Hepatitis A virus (HAV) is the main cause of acute viral hepatitis in Korea, and typically affects adults in their 20s and 30s ([@B1]). HAV infection may be transmitted via the fecal-oral route and intake of contaminated water or food. Non-oral routes of transmission include male homosexual sex, drug use, and blood transfusions ([@B2], [@B3]). The incubation period of hepatitis A is 2-6 weeks. Children with hepatitis A usually do not have any clinical symptoms, while adults experience nausea, weight loss, and jaundice. In some cases, hepatitis A may progress to acute hepatic failure or fulminant hepatitis ([@B1], [@B4], [@B5]).

In the past, during a period of economic underdevelopment in Korea, children frequently developed HAV immunity through asymptomatic infections ([@B6]). However, fast economic growth in the past decades and the subsequent improvement in sanitary conditions have limited HAV transmission among children and increased the non-immune states in adults ([@B7]). As a result, since 1997 hepatitis A vaccination in Korea is now recommended for those who travel to areas of high endemicity, laboratory staff handling HAV pathogens, patients with blood clotting disorders, homosexuals, and adults in their 20s or 30s ([@B8]). Despite the recommendation, the immunization rate is very low among young adults ([@B9]). In a local study, the prevalence of seropositive individuals was just 6.2% in the 20-29 age group ([@B10]). Hepatitis A cases in Korea have been increasing since 1998, as shown in the number of patients who receive liver transplants or death due to the disease ([@B11]).

Currently, the risk factors for hepatitis A include travel to high-endemic areas, living with school-age children, who may be an asymptomatic reservoir of infection, consumption of raw shellfish, drinking unpurified water, male homosexuality, not washing hands after defecation or before eating, and contact with HAV-infected individuals ([@B3], [@B12]-[@B15]). According to a local study in Korea, the risk factors included contact with HAV-infected individuals, living with a child under five years old, consumption of raw vegetables, eating out, and drinking tap water ([@B16]). The prevalence and risk factors for hepatitis A are also related to the socioeconomic and sanitary conditions, which vary by country ([@B13], [@B17]).

Because the hepatitis A incidence rate in Korea has risen sharply from 24.1 per 100,000 population in 2007 to 61.7 in 2008 ([@B18]), it is thought that the risk factors for HAV infection have changed in parallel with the increase. A large study was recently conducted to estimate the seroprevalence of HAV ([@B19]). However, the risk factors for hepatitis A infection have not been investigated in national scale in the Korean population. Therefore, we conducted two case-control studies in hepatitis A patients of tertiary hospitals across the country in 2007 and 2009, in order to identify the risk factors associated with HAV infection in Korea.

MATERIALS AND METHODS
=====================

Study design and subjects
-------------------------

In 2007, patients with hepatitis A were recruited for a survey at five tertiary hospitals in the Chungnam (one site), Gyeonggi (three sites), and Jeonbuk (one site) provinces. Patients with non-infectious diseases at the same sites were recruited as case-controls. Between October and December 2007 the participants were interviewed over the telephone. In 2009, in- and outpatients with HAV and their respective controls were recruited at 11 major tertiary hospitals in the Busan (one site), Daegu (one site), Daejeon (one site), Gyeonggi (three sites), Jeonbuk (one site), and Chungnam (one site) provinces. Face-to-face interviews were conducted between April and September 2009.

In both studies, hepatitis A infection was diagnosed when patients showed clear clinical symptoms such as fatigue, stomach-ache, loss of appetite, and nausea. The controls were matched to cases on the basis of gender, age ( ± 2 yr old), and hospitalization or visit dates ( ± 15 days). Patients with a history of hepatitis A infection or vaccination were excluded from the control groups.

A total of 234 and 556 case-control pairs were surveyed in the 2007 and 2009 studies, respectively. Whenever an outbreak was suspected, only the initial case was included in the study. Consequently, 12 and 8 patients were excluded from the 2007 and 2009 surveys, respectively. Survey data from 222 case-control pairs in the 2007 study, and from 548 pairs in the 2009 study, were used in the analysis.

Survey variables
----------------

In the 2007 survey, the variables of interest included gender, age, occupation, and exposure to HAV transmission through contact with family members living in the same household and non-family members, shared communal facilities such as orphanages and nursing homes, sexual behaviors, everyday contact, medical contact, use of syringes, overseas travel, intake of raw shellfish (including oysters, mussels, and clams) or other raw foods, and types of water used for drinking 2-6 weeks before diagnosis. It was adequate to analyze separately of seafood and meat, however they were not separately investigated in the initial questionnaire. In addition to the 2007 variables, the 2009 survey included educational level, household income, communal living, living with children under 12 yr old, and hygiene-related behaviors such as hand washing habit (after defecation, after going out, or before eating), use of personal towels, and sharing glasses when drinking alcohol.

Data analysis
-------------

The data from both surveys were combined for analysis. Descriptive statistics were used to show the distribution of gender, age, and occupational activities. The Cochran-Mantel-Haenzel test adjusted for study year was used to determine any significant associations between the cases and categorical variables, and McNemar\'s test was used to estimate percentages and *P* values. To identify the risk factors for hepatitis A infection, conditional logistic regression analyses were performed. Variables that were significant in the univariate analysis were used in a multivariate model. Results are expressed as odds ratios (OR) with 95% confidence intervals (CI). The threshold for significance was set at *P* \< 0.05. All statistical analyses were performed using SAS 9.2 software (SAS Inc., Cary, NC, USA).

Ethics statement
----------------

These studies were reviewed and approved by the institutional review boards of Hanyang University and Eulji University (2007-266 and 09-09). Written informed consent was obtained from all participants in the study.

RESULTS
=======

Sociodemographic characteristics of the combined study population
-----------------------------------------------------------------

[Table 1](#T1){ref-type="table"} presents the sociodemographic characteristics of the subjects of both surveys. As intended in the study design, there were no significant differences between cases and controls with respect to age or gender. Subjects in their 30s were the largest group among the cases (42.6%). Although occupation and educational levels were significantly different between the groups, household income distribution was similar for cases and controls (*P* = 0.257).

Risk factors associated with acute hepatitis A infection
--------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows the risk factors associated with acute hepatitis A. In univariate analysis, factors associated with HAV infection included contact with HAV-infected family members in the same household (OR, 8.00; 95% CI, 1.8-34.8), contact with other HAV-infected individuals (OR, 3.97; 95% CI, 2.2-7.1), overseas travel in 2007 (OR, 10.00; 95% CI, 1.3-78.1), consumption of raw shellfish (OR, 2.46; 95% CI, 1.9-3.3), consumption of raw fish (other than shellfish), meat, and other raw food products (OR, 1.55; 95% CI, 1.2-1.9), drinking commercially bottled water (e.g. mineral water) instead of purified tap water (OR, 1.50; 95% CI, 1.2-1.9), and occupation that involves handling food (OR, 2.38; 95% CI, 1.1-5.4). Similarly, multivariate analysis showed that contact with HAV-infected family members in the household (adjusted OR, 6.32; 95% CI, 1.4-29.6), contact with other HAV-infected individuals (adjusted OR, 4.73; 95% CI, 2.4-9.4), overseas travel in 2007 (adjusted OR, 19.93; 95% CI, 2.3-174.4), consumption of raw shellfish (adjusted OR, 2.51; 95% CI, 1.8-3.5), drinking commercially bottled water (e.g. mineral water) instead of purified tap water (adjusted OR, 1.64; 95% CI, 1.3-8.4) and occupation that involves handling food (adjusted OR, 3.30; 95% CI, 1.3-8.4) were independently associated with HAV infection.

Transmission of HAV via routes other than through family members was also found to be significant. 54 subjects reported contact with HAV through other routes: 43 (80%) through regular everyday contact, 1 (2%) through sexual contact, 3 (6%) through medical contact as health care worker and 4 (7%) through the use of common syringes. The remaining three respondents reported routes not covered by the surveys. Factors that did not show any significant association with HAV infection were medical professionals, communal living such as orphanages and nursing homes, living with children ≤ 12 yr, washing hands, using personal towels, and sharing glasses when drinking alcohol.

Overseas travel was associated with HAV infection only in the 2007 survey. Of the 10 HAV-infected subjects who had travelled abroad, two had been in China, seven to India and Southeast Asia, and one had travelled to Western Europe. Only one subject in the control group had travelled (to South-east Asia). The average time spent abroad was 6.5 ± 2.6 days, and the interval between the travel and HAV diagnosis was 13.5 ± 3.6 days.

DISCUSSION
==========

In this study, we report that the risk factors for hepatitis A include contact with HAV-infected individuals, overseas travel in 2007, consumption of raw shellfish, drinking commercially bottled water instead of purified tap water, and occupations food handling. The highest odds ratio was associated with overseas travel in 2007, and HAV transmission through contact with family members in the same household was in second place.

In line with previous research, there were a considerably higher proportion of non-manual workers and highly-educated individuals among the cases than controls. Previous studies found that highly-educated adults, or adults with highly-educated mothers, were less likely to be immune and were therefore more prone to symptomatic infections ([@B13], [@B20]-[@B24]). The HAV-infected subjects in our study were better educated than the control which suggests that they may have grown up in more sanitary environments with less exposure to HAV.

In contrast to previous research, the distribution of household income in our study was similar in cases and controls. Previous studies demonstrated that the more economically active the families were, the less immune were individuals to hepatitis A ([@B23]). However, this correlation could be due to the use of education level as variable rather than household income as the indicator of socioeconomic status in those studies ([@B20]-[@B22], [@B25]).

Communal living, investigated in the 2009 survey, was not significantly related to acute HAV infection. However, we found that contact with hepatitis A through infected family members, extramarital sexual contact, everyday contact, medical contact, and contact through other routes such as shared syringes were independent risk factors for hepatitis A infection. Our findings support the results of previous studies, which reported the existence of person-to-person HAV transmission in addition to the usual fecal-oral route ([@B16], [@B26]).

Typically asymptomatic elementary school children can be a reservoir of HAV, and living with children ≤ 12 yr is a known risk factor for hepatitis A infection ([@B14], [@B16]). However, this association was not significant in our study (OR, 1.15; 95% CI, 0.9-1.5). The association was also insignificant when we analyzed into preschool and school children (OR, 1.23; 95% CI, 0.9-1.7 in preschool children and OR, 1.04; 95% CI, 0.7-1.5 in school children).

Travelling to regions where hepatitis is endemic is a well-known risk factor for acute HAV infection ([@B12], [@B17], [@B20], [@B25], [@B26]). Interestingly, overseas travel was a predictor of HAV in 2007 but not in 2009. A sudden spike in hepatitis A cases was observed in Korea in 2008, which suggests that most HAV transmissions occurred during travel abroad until 2007, and that since 2008 when HAV has been endemic.

In the multivariate analysis, eating raw shellfish was shown to be a significant predictor of HAV infection. A small study in 2008 showed that consumption of raw fish, but not raw shellfish, was associated with a significantly high odds ratio ([@B16]). On the other hand, eating raw shellfish significantly increased the odds ratio of HAV infection in an Italian study ([@B26]). Most studies support the correlation between eating raw shellfish and the risk of hepatitis A infection.

The association between access to drinking water and the risk of hepatitis A has been the subject of many investigations. In our report, drinking commercially bottled water was a significant predictor of HAV infection. Korean national tap water supply is more than 90% and the qualities of drinking commercially bottled water by brands were not so different in the whole country, so the influence of drinking water among different region is not considered ([@B18]). In another study, there was no link between drinking bought water and the risk of infection; however, the same study showed that drinking purified tap water or potable spring water was associated with a higher risk of HAV ([@B16]). Increased HAV seroprevalence was associated with drinking ground water in a study of elementary school children in Taiwan ([@B27]), while another report suggested that an extensive water supply network could contribute to a decrease in HAV infections ([@B13]). Access to safe water sources is crucial in preventing hepatitis A, and the issue of waterborne hepatitis A infection is controversial in countries that are completely covered by an infrastructure of water supply as is the case in Korea.

Hygienic practices such as washing hands or using personal towels, covered in the 2009 survey, were not found to influence the risk of acute hepatitis A. However, a previous study demonstrated that lack of hand washing among intravenous drug users increased their risk of HAV infection ([@B15]). Another study suggested that the incidence of hepatitis A declined as people became more aware of the importance of personal hygiene in the wake of the influenza A (H1N1) pandemic in 2009 ([@B28]). Although hand washing and personal hygiene failed to show a significant association with the risk of HAV in this study, there may be a cumulative effect that could not be detected by the present study design. On balance, the evidence suggests that sanitation is an important factor in preventing hepatitis A.

In our study, working in an occupation that involves handling food was a significant variable, while working in a medical occupation was not. Handling food included not only the persons who handle raw food materials but also all employees in restaurants. Our findings differ from those of a previous study, which did not recommend vaccinating food industry workers or medical personnel ([@B17]). Our results suggest that the risk of hepatitis A transmission cannot be completely ruled out in food-handling occupations, and care is needed to avoid infection in food factories and restaurants.

Our study has several limitations. First, some participants in the 2007 survey were interviewed up to 12 months after hospitalization, and recall bias cannot be ruled out. Second, different questionnaires were used in the two surveys, and some variables could not be integrated into the analysis. Third, because antibody testing could not be performed, it is possible that some subjects in the control group were seropositive as a result of asymptomatic infections, even though they had not been diagnosed with hepatitis A.

In 2011, hepatitis A was reclassified as a class 1 legal infectious disease instead of a designated contagious disease. In 2007, the Korean Society of Infectious Diseases recommended that all adults in their 20s should be vaccinated against hepatitis A, as well as adults in their 30s and 40s without immunity ([@B8]). In the light of these changes in vaccination policy and the subsequent public health efforts to improve vaccination coverage, our findings may help to raise the awareness of the risk factors for hepatitis A, and prevent its transmission.

We found that direct contact with hepatitis A-infected individuals and consumption of raw shellfish were independent risk factors for hepatitis A infection. Given these findings, direct contact with HAV-infected individuals should be minimized, and caution should be used when preparing and eating raw foods. Personal hygiene must be promoted, while people in contact with hepatitis A patients should be advised to be vaccinated. As handling food is one of the risk factors, improvements in hygiene standards in restaurants should also be encouraged.

In conclusion, this study found that sharing the household with HAV-infected family members, contact with other HAV-infected individuals, overseas travel in 2007, consumption of raw shellfish, drinking commercially bottled water and occupation that involves handling food increased the risk of HAV infection. We recommend that avoiding contact with HAV-infected individuals and using caution when eating raw foods to minimize the risk of hepatitis A infection. Immunization must be beneficial to individuals who handle food ingredients occupationally or travel overseas to HAV-endemic areas.
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^\*^Including housewives; ^†^Variables applicable only to the 2009 survey (n = 548 case-control pairs).
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Risk factors associated with acute hepatitis A infection
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^\*^Adjusted for study year; ^†^Adjusted for study year, contact with HAV-infected family members in the same household or exposure to HAV via other routes, overseas travel, consumption of raw shellfish, seafood, meat and other raw foods, drinking bottled water, and occupation that involves handling food; ^‡^Variables applicable only to the 2009 survey (n = 548 case-control pairs); ^§^Sexual intercourse, everyday contact, medical contact, use of syringes, etc; ^∥^Overseas travel 2-6 weeks before diagnosis; ^¶^Including oysters, mussels and clams. OR, odds ratio; CI, confidence interval.
